Feasibly implemented Web-based smoking media literacy (SML) programs have been associated with improving SML skills among adolescents. However, prior evaluations have generally had weak experimental designs. We aimed to examine program efficacy using a more rigorous crossover design. Seventy-two ninth grade students completed a Web-based SML program based on health behavior theory and implemented using a two-group two-period crossover design. Students were randomly assigned by classroom to receive media literacy or control interventions in different sequences. They were assessed three times, at baseline (T0), an initial follow-up after the first intervention (T1) and a second follow-up after the second intervention (T2). Crossover analysis using analysis of variance demonstrated significant intervention coefficients, indicating that the SML condition was superior to control for the primary outcome of total SML (F ¼ 11.99; P < 0.001) and for seven of the nine individual SML items. Results were consistent in sensitivity analyses conducted using non-parametric methods. There were changes in some exploratory theory-based outcomes including attitudes and normative beliefs but not others. In conclusion, while strength of the design of this study supports and extends prior findings around effectiveness of SML programs, influences on theory-based mediators of smoking should be further explored.
Introduction
Although adolescent smoking has declined overall in the past two decades [1] this decline is now slowing substantially [2, 3] . It is estimated that 41% of US high school students have ever tried cigarette smoking, 15% are current smokers and 9% have smoked a whole cigarette before age 13 [1] . Consequently, tobacco use remains the leading cause of preventable morbidity and mortality in the United States [4] . Because 90% of all adult smokers begin smoking by their teens-with two-thirds becoming daily smokers before the age of 19 [4] feasible and effective prevention programs that target adolescent smoking are urgently needed.
Cigarette smoking initiation and maintenance among young people is multi-factorial. Prior research has identified multiple socio-demographic, intrinsic and environmental risk and protective factors [4] [5] [6] . Media exposures have also been associated with adolescent cigarette smoking. An average 8-18-year old in the United States is exposed to 8-10 hours of media-even outside school [7] -which makes adolescents vulnerable to tobacco-related content associated with negative smoking outcomes [8] . For example, viewing more depictions of tobacco use in movies is associated with cigarette smoking initiation [9, 10] and established smoking [11, 12] . Similarly, personal identification with an on-screen smoking protagonist predicts increased intention to smoke among both adolescent non-smokers [13] and established smokers [14] . Exposure to depictions of tobacco use on social media is also associated with adolescent smoking [15, 16] . In sum, the magnitude of media exposure on adolescent cigarette smoking may be equal to or even greater than traditional risk factors, such as sensation seeking and peer smoking [11] .
To address this influence of media portrayals on tobacco use, innovative prevention programming has incorporated media literacy, which aims to improve a participant's ability to analyze and evaluate media messages in a broad range of forms [17] . It provides a framework in which adolescents become discerning consumers of media and feel empowered to make choices from a more informed perspective [18] . Organizations such as the Centers for Disease Control, the American Academy of Pediatrics and the Office of National Drug Control Policy endorse the use of media literacy for prevention of harmful health behaviors [8, 19] . However, while media literacy programs are frequently used to address adolescent health risks such as eating disorders and body image [20] , there are fewer data regarding smoking-related media literacy (SML). For example, in a comprehensive systematic review of media literacy programming, only 3 of 23 studies related to tobacco use [21] , despite its substantial contribution to world morbidity and mortality [4] .
Although some studies have suggested SML education improves critical assessment of tobaccorelated messages, many of these studies have been limited in terms of methodology. For example, school-based tobacco prevention programs in Washington state and Missouri suggest that SML can be taught [22, 23] . However, evaluations have relied upon a pre-post-test design with no comparison group. When there is no control group, it is unclear whether the participants' outcome measures improved directly as a result of the interventionor whether it may have been because of other factors such as the passage of time.
Two studies used a more robust design-a randomized-controlled trial-allowing for intervention versus control comparisons [24, 25] . The first study provided evidence that, in a classroom setting, media literacy programming was effective in decreasing intention to use tobacco and alcohol in the future [25] . The second study indicated that SML was feasible and effectively taught in the classroom setting [24] . However, both of these studies used an intensive multi-modal facilitator-led program. Although these results are valuable, such programs may present barriers to sustainability in terms of cost, training and standardization.
Subsequently, a related Web-based program was developed to alleviate these sustainability issues [26] . Results from this initial study were encouraging in terms of ability of the program to increase SML. However, this study relied upon a simple prepost-test test design rather than a more rigorous methodology, limiting generalizability and ability to make causal inferences.
Thus, the purpose of this study was to examine a Web-based SML program using a more rigorous design. Crossover designs, primarily used in pharmacologic research, are a statistically robust and novel approach to this type of research and have several advantages [27] . First, they require fewer participants than other designs such as prepost-test or randomized-control trials, making them more statistically efficient [27] . Second, each participant serves as his/her own control, reducing within-subject variability [28] . Third, analysis of crossover studies can include a test for period effects, a common source of bias [29, 30] .
Our primary aim was to determine if the curriculum was effective in increasing total SML (Aim 1). Our exploratory aims were to determine if exposure to the intervention was associated with changes in mediators of smoking according to an established conceptual framework on which the program was based, including smoking attitudes (Aim 2) and perceived normative beliefs (Aim 3). We hypothesized that after completing the curriculum, students would demonstrate increased total SML scores (Hypothesis 1). We also expected that exposure to the intervention would be associated with reduced positive attitudes about smoking (Hypothesis 2), and a diminished sense of positive smoking normative beliefs (Hypothesis 3).
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Methods

Design
We conducted a crossover study of a Web-based SML program that evolved from a previous pilot version of a similar curriculum [26] . Data collection was implemented in collaboration with high school teachers and research staff in 2012. A two-group twoperiod crossover design was used to assess the effect of the intervention. All students received the curriculum and were assessed on 3 different occasions (T0, T1 and T2). Students were randomly assigned to one of two groups (A or B). The time between baseline (T0) and T1 was defined as Period 1 and the time between T1 and T2 was defined as Period 2. Students assigned to Group A were given regular coursework (control) during Period 1 and the intervention during Period 2, whereas Group B received the intervention during Period 1 and regular coursework (control) during Period 2 ( Fig. 1 ).
Setting and participants
Our study was conducted at an urban public high school just outside of [redacted for blind review]. Approval for the project was granted by the superintendent of the school district and the [redacted for blind review] Institutional Review Board (IRB no.
[redacted for blind review]). At the time of data collection the school had an enrollment of about 1380 students in 9th through 12th grades. The student population was 52% Caucasian, and the remaining 48% were predominantly African American or of mixed race. Nearly three-fourths (72%) of students received free or reduced-cost school lunch. Our eligible study population consisted of a convenience sample of seven classrooms that contained a total of 190 enrolled ninth grade students. The seven specific classrooms were selected based purely on convenience of time of day for teachers and research staff; teachers stated that none of the classrooms was different from others in ability level or tracking.
Procedures
Opt-out consent letters were sent via mail to parents and guardians of eligible students. This letter described the study, explained participant rights and provided instructions for withdrawing from the program if parents or students elected not to participate. Of the 190 eligible participants, 135 were randomly assigned to 2 groups: 83 individuals from 4 classrooms to Group A and 52 individuals from 3 classrooms to Group B (Fig. 1) . Random assignment was made using a random number generator within Stata statistical software. The implementation occurred over four 45-min class periods, each separated by 1 week. These sessions were embedded within the regular ninth-grade health class curriculum required of all students. Students worked individually in the computer laboratory of the high school. To ensure confidentiality, students created personal logins and passwords to access the Web-based curriculum. Names were not collected, and personal identifiers were not linked to the data. Students were encouraged to work at their own pace. Seventy-two students (53%) were able to complete the entire curriculum and all three assessments. Students who completed the curriculum were given an aluminum water bottle as compensation.
Intervention
AD IT UP is a theory-based anti-smoking media literacy (SML) program developed with foundation grant funding [31, 32] . The Web-based AD IT UP program was derived from the facilitator-led curriculum of the same name [24, 26] . The program is designed to teach youth to think critically about media messages, focusing on messages involving tobacco use. Each letter of AD IT UP represents one of the six key lessons and questions in the curriculum. Each of the lessons also corresponds to a core domain in the conceptual model adapted from the National Association of Media Literacy's Core Principles of Media Literacy Education document [33] . The Web-based adaptation of the in-person program is described in detail elsewhere [24, 26] . In brief, however, the current intervention expands upon the original programming to include interactive Web-based games designed to enhance indepth individual learning. For example, the original program included an extended group discussion of different techniques-such as lighting, camera angle, color and props-that are used to alter images in advertisements. In the interactive version, however, participants use an interactive console to manipulate an on-screen image using these various production techniques. The program was designed for a target audience of ninth grade students for two reasons. First, at this age participants generally have the cognitive skills of abstract thought valuable for understanding and applying the media literacy concepts we wished to impart [34] . Second, because cigarette smoking uptake and maintenance dramatically increase after ninth grade [35] , intervening at this time could have strong potential for reducing smoking initiation and/or maintenance. Furthermore, the program was designed to be appealing to African Americans and those of lower socioeconomic status (SES) because these populations bear the greatest burden of morbidity and mortality from tobacco use [4] . Previously published work details specific ways in which the curriculum was targeted to these audiences [24, 26, 32] , such as featuring African American actors and characters and focusing on tobacco brands commonly marketed to African American and lower SES individuals.
Survey instruments Demographic data and other relevant student characteristics
We assessed socio-demographic factors including age, sex, race and maternal education as a proxy for SES. Based on the distribution of prior data collected from this population, race was collapsed into three mutually-exclusive categories (Caucasian, African American and Other), and maternal education was grouped as (i) did not graduate from high school, (ii) graduated from high school but not college and (iii) obtained a college degree or higher. We also asked students to self-report grades, and these data were collapsed into two categories: 'A's and B's' and 'Lower than B's'. Finally, students were asked about parents', siblings' and friends' smoking behaviors, which have been shown to be linked to smoking and mediators of smoking [6, 36] .
Smoking media literacy
We assessed SML with 9 items modified from a validated 18-item scale [31, 32] with the goal of capturing comprehensive information about SML while decreasing respondent burden. Items were based on the National Association of Media Literacy's Core Principles of Media Literacy Education [33] . To capture maximal variation, all SML measures were measured with 10-level Likert scale ranging from 'strongly disagree' to 'strongly agree'.
Attitudes and normative beliefs
We also assessed two important mediators of adolescent smoking according to previous empiric research [36] and the conceptual framework of the Theory of Reasoned Action, which is commonly used in relation to adolescent smoking [37] . Smoking attitudes were measured with 7 items based on a validated scale [36] via a 10-level Likert scale indicating agreement or disagreement with statements such as 'Smoking cigarettes is not as bad for a person's health as everyone makes it out to be'. Smoking normative beliefs were measured with three items assessed with 10-level Likert scales ranging from 'strongly disagree' to 'strongly agree' with statements such as '"Cool" people smoke cigarettes more than "uncool" people' [6] .
Data analysis
We tested for differences in baseline characteristics between participating and drop-out students using chi-square tests for categorical variables and t-tests for continuous variables. Next, we summarized student characteristic information using frequencies and percentages for categorical variables, computed means and SDs for continuous variables and assessed between-group differences (for those randomized to Group A versus Group B) using chisquare and t-tests, respectively.
For outcome variables (media literacy, attitudes and normative beliefs) we calculated Cronbach's alpha to assess internal consistency reliability at each assessment. To determine the effect of our Media literacy crossover intervention on these outcomes, we calculated change variables (T1 À T0 and T2 À T1) by group and analysed the difference in change in our outcome variables between Group A and Group B using ANOVA, testing for period, treatment and period by treatment interaction effects. These methods of analysis are adopted from those described by Hills and Armitage for a two-group two-period crossover analysis for continuous outcome variables [27] .
We used ANOVA as our primary method of analysis because it is generally considered preferable due to it being reasonably insensitive to deviations from the normality assumption [27] . However, we also conducted sensitivity analyses using non-parametric methods in order to examine the robustness of our results. For these sensitivity analyses, we used the Mann-Whitney U test, which is also referred to as the Wilcoxon ranksum test.
The statistician was blinded to which group received the intervention first (A or B) until all analyses were complete and tables were created. For all analyses, we defined statistical significance with a two-tailed alpha of 0.05. Data were analysed in 2014 using Stata version 12 [38] .
Results
Comparison of those who did and did not complete the program
Chi-square tests and t-tests indicated that there were no significant differences in baseline characteristics (age, sex, race, maternal education, grades and family and peer smoking) between the 72 participants who completed all three assessments and the 63 who did not.
Comparison of those randomized to Group A versus Group B
Socio-demographic factors and other relevant student characteristics are reported in Table I . Chisquare analyses and T-tests indicated that there were no significant differences between Groups A and B (Table I) .
Outcome variables
Mean values and standard deviations for SML, prosmoking attitudes and pro-smoking normative beliefs at each time point are presented in Table II. Cronbach's alpha values indicated adequate internal consistency at all time points for each scale.
Interpretation of crossover analyses
To confirm or refute specific hypotheses, we tested patterns of outcomes according to time period and group using analysis of variance. In particular, Table III indicates whether there were significant effects for each outcome variable item corresponding to the period, the treatment or the interaction between the period and treatment. For example, when there was a large F-statistic and corresponding low P-value in the 'Period' column, this indicated that participant responses tended to systematically change simply whether the difference was tested during Period 1 (between T0 and T1) or Period 2 (between T1 and T2); thus, these variables changed over time regardless of group assignment. However, when there was a large F-statistic and low P-value in the 'Treatment' column, this indicates that there was a systematic change in that item only when the participants received the intervention versus control.
Primary outcome of SML
We observed a pattern suggesting increase in total SML scores for Group A during Period 2 and for Group B during Period 1 (Fig. 2) . This pattern was significant for a treatment effect, supporting Hypothesis 1. Additionally, there were significant treatment effects for 7 of the 9 media literacy items and slight period effects for two items. However, as indicated by the F and P statistics, the treatment effect for each of these items was stronger than the period effect (Table III) .
Exploratory analyses
As reported in Table III , there were no differences between treatment and control with regard to A. Shensa et al. Media literacy crossover individual attitude items or the total attitude composite score, which refuted Hypothesis 2. However, there were period effects for two items as well as a corresponding period effect for the composite score. Point estimates for these variables indicate that agreement with these items tended to increase over time (regardless of whether intervention or control had just been completed). There was a treatment effect for one normative belief item (Table III) . However, importantly, increased agreement with this item tended to be associated with the intervention, which was contrary to Hypothesis 3. Results from non-parametric sensitivity analyses using Mann-Whitney U tests were consistent with ANOVA results for all individual and total outcome variables. This item was reversed coded during development of composite scale.
Discussion
Our primary results indicate that the Web-based media literacy program significantly increased SML, supporting Hypothesis 1. However, Hypotheses 2 and 3 were not supported, as the intervention was not associated with a decrease in attitudes or normative beliefs related to cigarette smoking. This study highlights the value of using a crossover approach in this setting. Some of the methodological rigor of this approach comes from its within-and between-subjects approach, whereby each participant serves as his/ her own control. This enables between-group comparisons while controlling for individual differences that are often an important source of variation. Additionally, this design inherently improves statistical power, requiring fewer participants and making rigorous in-field assessments such as these more feasible [27] .
Crossover studies are frequently employed in the pharmacologic milieu. In those studies, it is particularly important to pay attention to possible 'period effects' because of the need for a washout period to completely remove the effect of the drug. In our case, however, the use of a model that included period effects enabled us to identify valuable information related to evaluation of health education. For example, participants tended to increasingly agree with certain pro-tobacco sentiments over time, such as 'Smokers are more fun to be around than nonsmokers'. Because of the study design, we could determine that agreement with such statements increased over time regardless of ordering of intervention and control; this is the type of specificity that a simple pre and post-test study would not be able to achieve.
Another potentially valuable aspect of using the crossover design relates to implementation and evaluation of health education programs in a community-based setting such as a school. In this particular case, we first approached the community partner about conducting a randomized-controlled trial in which only half of the selected classrooms would receive the intervention. Administration was reluctant to offer what they considered a promising intervention to only half of the selected students. Therefore, the crossover design became a compromise in which all students receive the intervention, but we would still be able to obtain rigorous data because of attention to the ordering of intervention and control conditions.
Our findings that exposure to the intervention was associated with measurable and significant improvements in SML were consistent with prior studies which used an in-person intervention [24, 26] . It is valuable to note, however, that this study utilized a Web-based approach, which successfully reduces some of the training, standardization and cost issues involved in facilitator-led programs. Additionally, Web-based programming may be more likely to be replicated in the future and received positively by today's youth. An intensive process evaluation with qualitative data analysis, outside the scope of this particular study, may be valuable for future similar studies to improve implementations.
Only about 53% of eligible students completed the entire intervention, which required attendance at each of four selected class periods. Because absences are common in urban public schools, a Webbased approach may be valuable so students can complete missed work on their own time.
Although for this particular implementation we did not allow for make-up time, it may be valuable to allow for contingency completion plans in future implementations. It is encouraging that all of the drop-out was from absenteeism and not from inability to understand or complete the program.
It is important to note that Hypothesis 2 was not supported, as there were no significant treatment effects for the attitude items. This finding is consistent with both the facilitator-led cluster-randomized trial and pilot pre-post-test studies conducted using AD IT UP [24, 26] . One possible explanation involves a floor effect: positive attitudes regarding smoking were relatively low at baseline and increase in positive attitudes over time could represent regression to the mean or natural developmental change. This could also explain the significant period effect for total attitudes (F ¼ 8.83; P ¼ 0.004).
However, in a broader sense, these results-in conjunction with those of the two studies mentioned earlier-invite reconsideration regarding if and how smoking attitudes are related to SML. In one sense, we should not expect major attitudinal changes, because the media literacy approach specifically tends to avoid strong attitudinal statements or judgments; instead youth are encouraged to develop critical thinking and form their own judgments [17, 18] . However, we do expect that, given increased critical thinking skills, young people will ultimately decrease positive attitudes toward cigarette smoking. Our negative result here could have two possible implications. First, it is possible that our assumption is incorrect, and that media literacy and attitudes may be less related than we believe. Second, it is possible that more time would be required to observe changes in attitudes. It may be that media literacy does not immediately change attitudes, but that experiencing marketing and advertising in the weeks, months or even years following a media literacy experience may translate into reduced positive attitudes toward smoking over time.
Hypothesis 3 was not upheld; in fact, there was a slight paradoxical increase in pro-smoking normative beliefs associated with the intervention. This paradoxical finding is consistent with the pilot pre-post-test study using this media literacy curriculum [24, 26] . The change was very small and driven by only one of the normative beliefs items ('A successful person is more likely to smoke cigarettes than an unsuccessful person'). One possible explanation for this change may be that the curriculum involves viewing cigarette advertisements. Although this is done with the intention of educating students, it may inadvertently and/or subconsciously alter their beliefs about cigarette smoking in the ways promoters seek. Other possible explanations are similar to those related to the attitude items; in other words, it is possible that normative beliefs toward smoking temporarily and paradoxically improve just after the intervention, but that over time this 'inoculation' may actually reduce a participant's sense of success of smokers.
Limitations
One important limitation of this work is that students were randomized by group but were analyzed as individuals in the ANOVA crossover framework. It is unlikely that this affected results, because individuals worked independently and none of the classrooms was different from others in ability level or tracking. Another limitation is that it is possible there may have been classroom effects on response to the intervention. However, we were unable to assess this due to insufficient power. Additionally, A. Shensa et al.
there were no significant differences between those assigned to the two groups (Table I) . However, this is still worth noting.
As is common in this type of setting, contamination between randomized groups may have occurred. For example, although students worked individually on computers, they may have discussed classroom materials outside of class. However, it should be noted that contamination would bias the study to the null hypothesis, strengthening the significant results noted.
It is also possible that having different teachers may have influenced students' experiences with the intervention. However, this is unlikely for two reasons. First, teachers were given identical scripts to read before the intervention, and they had minimal interaction with students during the intervention, which was focused on the Web-based material. Additionally, this is less of a concern in a crossover study, in which participants serve as their own controls instead of being compared with other groups who had different teachers.
It was also an expected limitation that we would not be able to retain all students. Especially in this urban environment with low SES, absenteeism is common. Although we did not find any significant differences between those who completed the programs and those who did not, this does not eliminate the possibility of selection bias.
Finally, the results may not be generalized to other parts of the United States, because the study involved one urban public high school in one region of the country.
Conclusions
In conclusion, this study supports prior findings demonstrating effectiveness of SML programs. This study also extends prior findings in that it used a more rigorous methodologic design. The crossover design was valuable in several respects, including that it allowed all students to receive the intervention, which was preferable to the school. Additionally, this was an efficient design that required a relatively small sample size and was still able to isolate effects of the intervention. Future research should further explore potential associations between theory-based mediators of smoking. A more complex analysis such as structural equation modeling may be useful for examining these theory-driven associations.
